SHIP PRODUCTION COMMITTEE September 1985
FACILITIES AND ENVIRONMENTAL EFFECTS NSRP 0226
SURFACE PREPARATION AND COATINGS

DESIGN/PRODUCTION INTEGRATION

HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

1985 Ship Production Symposium
Volume I

Paper No. 9:

Improving Shipyard Productivity
through the Combined Use of Pro-
cess Engineering and Industrial Engi-
neering Methods Analysis Tech-
nigues

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED

SEP 1985 N/A -

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

The National Shipbuilding Research Program 1985 Ship Production

Symposium Volume |l Paper No. 9: Improving Shipyard Productivity 5b. GRANT NUMBER

Through the Combined Use of Process Engineering and Industrial

Engineering M ethods Analysis Techniques 5¢. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center CD Code 2230-Design Integration Tools | REPORT NUMBER
Building 192 Room 128 9500 M acArthur Bldg Bethesda, M D 20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 21
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DISCLAIMER

These reports were prepared as an account of government-sponsored work. Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report. As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



| MPROVING SH PYARD PRODUCTIVI TY
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AND | NDUSTRI AL ENG NEERI NG
METHODS ANALYSES TECHNI QUES

TOMWWY L. CAUTHEN
| NGALLS SHI PBUI LDI NG
PASCAGCULA, M SSI SSI PPI

ABSTRACT

Despite the obvious conpromses to efficiency that nmust be
made when producing snall quantities, the shipbuilding industry
sonmetimes rules out or fails to consider sone of the efficient
t echni ques and net hodol ogi es of nmass production nmanufacturing.

In this paper a conparison and contrast is nmade between the
met hods of mass production and small quantity manufacturing.
Also revealed in this paper are the benefits fromthe use of a
mass production process engineering technique and a nethods
anal ysi s technique during the performance of the National
Shi pbui I di ng Research Programti's SP-8 panel Task E-8-21. The
use of a mass production process engineering technique (using
tool routings to provide a summary of all of the tools, gages,
etc. required to operate and control the products being produced
from mass production machi ning and assenbly equipnent) is
expl ained as a solution to a nethods problem of excessive travel
for tools in shipboard equi pnment machining and installation by
Qut side Machinists.  The paper concludes with a Rronntion_of
this specific application of mass production nethodol ogy in
shi pbui | ding and a pronotion of the re-evaluation of nass
production techniques by shipyards as a vehicle for productivity
| nprovenent .
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| nproving Shipyard Productivity Through
Process Engineering And

I ndustrial Engineering Techniques

| NTRCDUCTI ON

There is growing concern in the U S shipbuilding industry about
productivity. This concern is caused by the inability of U S. shipyards
to conpete with foreign shipbuilders in the market for construction of
comrercial ships and by the decline in U S. Naval ship construction
contracts over recent years. Both of these problems put many U S.
shipyards in a position of literally fighting for existence. 1In an
effort to increase productivity, the U S. shipbuilding industry has,
for exanple, made inprovements to shop facilities, investigated the use
of robotics, re-evaluated support labor requirements, and utilized CAD CAM
conputer Aided Design/Conputer Aided Manufacturing) technology. Al of
these activities are worthwhile endeavors. However, nost of these
productivity prograns have little or no inpact upon onboard ship
construction. Not enough is being done oh a consistent basis to inprove
the productivity of the machinist, pipefitter, welder etc. who is working
on the ship.

The U. S. shipbuilding industry needs to make a re-evaluation of
the entire current systemof basic ship construction being enployed in
Arerica. Even the Japanese shipbuilding techniques, which have been
investigated by U S. shipbuilders, are actually sound principles of

i ndustrial engineering nmethods analysis as applied to shipboard work.
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The principles of methods anal ysis have worked wel | over the years
as a labor cost reduction tool in the mass production environment.

However, the traditional mass production principles of industria
engi neering methods anal ysis need creative adaptation to obtain

productivity inprovements in the onboard ship environment.

MASS PRCDUCTI ON VERSUS SMALL QUANTITY MANUFACTURI NG

The basic difference between mass production and small quantity
manufacturing i s the nunber of units produced during a given time frane.
In mass production, a large number of identical units are manufactured
over a relatively short time frame. An obvious exanple of nass production
Is the manufacture of a popular Anerican automobile nodel whose vol une
woul d exceed one nmllion units per year. The mass production repetition
has two inportant advantages. First, a worker quickly reaches the point
on the |earning curve where virtually no nore |earning can occur. Thus
the unit cost is at its lowest possible point. Secondly, it becones
feasible to performa detailed nmethod anal ysis on each direct |abor
function to uncover any inefficiencies in the production methods and to
foster productivity inprovement in mass production.

In small quantity manufacturing, a small nunber of identical units
are manufactured over a relatively long tine frame. An exanple of this
woul d be the manufacture of ten ships over a five year period. The |ack
of repetition in small quantity manufacturing has two major di sadvantages
in the area of efficiency. First, a worker never reaches the point on

the learning curve where no nore learning can occur.Thus, the unit [abor
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cost is very high when conpared to mass production. Secondly, in small
quantity manufacturing, the performance of detailed methods analysis of
each |abor function is not as feasible as it is in nmass production
However, this article will present evidence to prove that proper
application of nmethods analysis techniques can be quite advantageous

even in the construction environnent onboard a ship.

EXAMPLE: A TOOL LI ST PROGRAM

Backgr ound
In Decenber of 1983, Ingalls Shipbuilding began to performthe

Nati onal Shipbuilding Research Program (NSRP) Task ES-8-21, the Data

Devel opment of Detail Standards for Qutside Machinery Qperations. During

this project, tinme standards were devel oped for outside machinery

equi pment installation using the Mynard Qperation Sequence Technique

(MOST), a predetermned notion tinme system The purpose of this project

was twofold. It was primarily to provide the shipbuilding industry with

a set of universal standards for outside machinery operations. |t was also

to identify specific areas where methods inprovenents could be made to

benefit both Ingalls Shipbuilding and the U S. shipbuilding industry.

During the shipyard observations by nethods analysts, the problem of

excessive travel for tools by outside machinists became apparent. Methods

analysts  discovered that some machinists were reporting to shipboard job
sites without all of the tools required to performthe job. Nunerous

trips were made off of the ship for additional tools. Further analysis

reveal ed that correction of the problem would save Ingalls Shipbuilding
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over $300,000 annually in direct I|abor cost for excessive travel alone
Communi cations with other shipyards through NSRP SP-8 Panel on Industria
Engi neering reveal ed that the problemwas industry w de.

Realizing that the problemwas industry wde, Ingalls Shipbuilding
submtted a proposal that was approved by the SP-8 Panel to inplenent and
evaluate a solution to this problem The proposed solution was to provide
machinists with tool lists that would enunerate all of the necessary tools
required to performeach job. The idea for this proposed solution was
extracted from the mass production process engineering technique of using
routing sheets. The routing sheet is used to |ist the machines or tooling

required to produce a part.'

Program Advant ages

This tool list programis primary objective and major enphasis is on
the elimnation of excessive travel to obtain tools by outside machinists.
However, the benefits of this programare not limted solely to reduction
in excessive travel for tools. There are additional benefits that can be
obtained froma tool list program The following is a list of these
additional benefits.

1. A conprehensive list of the tools required to perform

specific tasks can be provided as a training aid for
apprentice machinists.

2. By providing a conprehensive list of tools required to

performa task, a tool |ist programreduces the amount
of time an experienced machinist would have to spend

planning the performance of a task.
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3. If the tool lists are stored in a conputer, the
tool list program can provide tool room personnel
with a schedule and detail listing of the tools
required during a given tine frane. The list can
assist in forecasting tool requirenents wth

accuracy.

Application

The outside machinist supervisor is the backbone of a tool |ist
program  Wthout his cooperation a tool list programw |l not be worth
the paper the fool Iists are printed on. The supervisor nust encourage
and nonitor the use of the tool list programby his enployees. ih e
does not, the chief objective of the programw |l not be realized--the
elimnation of excessive travel. Therefore, to insure the success of
a tool list program the supervisor's participation in the program
fromits inception isessential. |deally, the supervisor should be
able to feel that itishis programeven if it was not originally his idea.

IT has been said that the perfect staff work

can be identified easily because the recipient

of the staff work finds it difficult to identify

the role of the staff helper and differentiate

it fromhis ow role in the solution of the

problem...”
One way to get the supervisor' to participate in the programis to have
hi m devel op the tool lists. This way the tool list becones his own

work and, thus, he will becone its greatest proponent.
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If the supervisor is too preoccupied to devel op detailed tool Iists,
soneone else should devel op them and the supervisor should review them
for accuracy.

The next steps are to determne which areas of the shipyard to
use the tool list concept and if the programis economcally feasible
for a given ship construction contract. The most obvious place to
start using a tool list programis wth shipboard equipment installation
utilizing the ship series production concept. Series production is
defined as the production of a series of nearly identical ships.’

In the case of series production, once the tool lists have been
devel oped, only the mnimal cost of maintaining the tool list programis
incurred after the first ship. To determne economc feasibility of a
tool list program an evaluation of the associated admnistrative costs
and cost savings nust be nmade. In the proceeding analysis, the payback
period WII| be used to make the evaluation of a typical programs

economc feasibility.

Payback Anal ysis

The details of a payback analysis based on information obtained from
an actual tool list pilot programinplenented at Ingalls Shipbuilding is
shown in Tables 1 and 2. * This particular tool list programinvolved
the construction of Ticonderoga (CG47) Cass cruisers built in series
The administrative costs are shown in Table 1. Al'so shown in Table 1
are the organizations involved within the conpany and the scope of their

activities as they relate to the tool list program
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TABLE | - TOOL LI ST PROGRAM

ADM NI STRATI VE COST

ADM NI STRATI VE | MPLEMENTATI ON COST
- COWPUTER SERVI CES (Conmput er Usage)

| NDUSTRI AL  ENG NEERI NG ( Coordi nati on and Tool
Li st Devel opnent)

QUTSI DE MACHI NERY (Revi ew Tool List Devel opnent)
TOTAL

ANNUAL ADM NI STRATI VE OPERATI NG COST
COVPUTER SERVI CES (Computer Usage)
QUTSI DE MACHI NERY (Changes and New Equi prent)
PRODUCTI ON PLANNI NG (Tool List Added to BOW

REPROGRAPHI C SERVI CES (Additional Paper Gener at ed)
TOTAL

-764~

$ 1,035

76, 125
8, 760

$85,920

$ 1,421

876

7,597
165

$10, 059
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Table 2 shows the payback period cal cul ation. The annual operating cost
i's subtracted fromthe gross annual savings to yield a net annual savings.
The inplementation admnistrative costs are considered as an investnment
cost which is divided into the gross annual savings to yield a payback
period of 27 years.

Al though the feasibility of the tool |ist concept nust be eval uated
based on the particulars of each shipyard' s product mx, this basic
thesis has been proven by this exanple: the tool [ist concept is

econom cal |y advantageous for nearly identical ships built in series.

Program Description

This tool list program was designed to provide the maxi num anount
of information to the craftsman with the intention of holding the
admnistrative cost of the programto a mnimum The highlight of this
programis that the tool list is printed on the bill of material kitting
report. Use of this system provides a conplete summary of both tools and
materials required to conplete a given job. The nechanics of this program
and the departnents involved are shown in Figure 1,9 First , an industria
engi neer devel ops the tool lists and an outside nmachinery supervisor
reviews them for accuracy. An industrial engineer then stores the too
list in the Technical information Data Base (TIDB) Text System The
industrial engineer also develops an Account and itemto Tool List Code
Matrix to identify the location of each tool list in the computer as shown
in Table 3. The planner then uses the matrix to match each najor piece
of equipment on a bill of material kitting report to a tool |ist code

nunber. The tool list code number, kitting report nunber, and hull
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TABLE 2

TOOL LI ST PROGRAM PAYBACK ANALYSI S

G oss Annual Savi ngs $323, 651
Less Annual Administrative Operating Cost -10, 059
Net Annual Savi ngs 313,592
| N\VESTMENT (Administrative |nplenmentation Cost) $85, 920
PAYBACK PERI OD 0.27 YEARS
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TABLE3- SAWPLE ACCOUNT AND | TEM TO TOOL LI'ST CODE NO MATRI X

ACCOUNT | TEM TOOL LIST
NQ DESCRI PTI ON CCDE NO
2501 BELLMOUTH 0100
2501 COOLING Ca L 0101
2501 PRECI PI TATOR 0102
2501 FAN CO L ASSEMBLY 0103
2.501 PONER PACK 0108
2.501 TOXIC GAS DAMPER 0107
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i dentification nunber is typed into the TIDB Text System by the planner.
The conputer then generates a hill of material kitting report with a tool
list attached as shown in Figure 2. Now the machinist can gather all of
the necessary tools and naterials to conplete a job by referring to one

docunent .

THE COVPUTER | NTERFACE

The conputer interface is with the TIDB Text System The TIDB Text
Systemis a conputer programwitten by Ingalls Shipbuilding Information
Systens Departnent for the express purpose of adding notes to the bill
of material kitting report. These notes provide supervisors and workers
with information that woul d assist themin ship construction. The five
avail abl e options of the TIDB Text Systemare as shown in Figure 3. Option
number one allows tool |ist data to be input, changed, or renmoved from
the conputer; thus, the actions create/nodify/delete. The tool Iist data
was input into the conputer under a dummy bill of material kitting report
number  (0000-000-1) and a dummy bill hull,identification nunber (4500).
The second option, Detail Text View, allows the data that has been input
from option nunber one to be viewed. Option nunber three, Merge paragraph
fromexisting bill, allows the tool list information stored on the "dumy"
bill of material kitting report to be transferred to the bill of material
kitting report that the tool list data is-applicable to. Option nunber
four, Bill Paragraph List, displays the paragraph nunbers (tool |ist code
numbers) on any given bill of material kitting report. Option "X' allows

one to end the session of interaction on the program
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CONCLUSI ON

In the environment of increasing conpetition, the U S shipbuilding
industry must increase productivity in every phase of its operation. jnp
its attenpt to do this, the U S shipbuilding industry nmust include the
i ndustrial engineering techniques of nethods analysis as a tool to reduce
| abor costs in the area of onboard ship construction.

The techniques of Methods analysis have been a proven producer of
productivity inprovement in the mass production environnent over the
years. This article has provided an actual application of this in the
shipboard environment. Thus, shipyards should consider actively enploying
net hods analysis with increased enphasis in onboard ship construction work

on a continuing basis.
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